The influence of 16 flavonoids on yeast a-glucosidase and /?-fructosidase was investigated. Either />-nitrophenyl-a-D-glucopyranoside or maltose was used as substrate for a-glucosidase, and sucrose for jS-fructosidase.
Flavonoids have attracted interest as food components. They show bitterness in taste, anti-vitamin Bx activity, antioxidative action, mutagenicity,1* reaction with proteins,2) and so forth. They have been studied from the food chemical point of view. On the other hand, their biochemical, physiological, and pharmacological effects have also been investigated and various activities were found.3) Some investigators consider them to be semi-essential nutrients.
We have reported that flavonoids inhibit alkaline phosphatase4) and glyoxalase I,5) as part of our study of biochemical effect of flavonoids.
The Enzymeactivity assay.
(1) a-Glucosidase with p-nitrophenyl-<x-D-glucopyranoside (NPG). The reaction was performed in a cuvette which was kept at 37°C in a temperaturecontrolled cuvette holder in a Shimadzu spectrophotometer UV240. The reaction mixture contained 2.96ml of 0.2mM NPG in 0.1 M phosphate buffer, pH 6.0, 20//1 of 15 mM flavonoid in dimethyl sulfoxide (DMSO), and 20 /^1 of enzyme solution. Absorbance at 402nmwas recorded every 5 sec for the initial 30 sec. The enzyme amount giving an increase of about 0.07/30sec in absorbance was used. The degree of inhibition (%) was expressed as (l-AAtcĴ control) x 100, where AAindicates the absorbance increase in 30sec.
(2) a-Glucosidase with maltose. The effect is summarized in Table I when NPGwas used as substrate. Quercetin, myrisetin, fisetin, quercitrin, and kaempferol showed strong inhibition, whereas myricitrin, morin, naringenin, gossypitrin, herbacirin, and rutin exhibited mediumto weak inhibition at 0.1 mM. Figure 1 shows inhibition (%) of the activity as a function of quercetin concentration. The quercetin concentration giving 50% inhibition (I50) was determined to be 8//M from this result. Other flavonoids The reaction conditions were the same as those described in the legend to 
Modeof inhibition of oc-glucosidase activity by fla vono ids
The mode of inhibition was estimated by kinetic analysis. Figure 2 shows doublereciprocal plots of a-glucosidase reaction in the presence and absence of quercetin, indicating that the mode was mixed type very close to non-competitive type. The results of kinetic studies with a numberof flavonoids are summarized in Table IV . In all the cases studied, both slopes and intercepts were changed by the presence of each flavonoid tested. This suggests that flavonoids can bind both free enzyme and enzyme-substrate complex. Quercitrin appears to inhibit in the enzyme in a similar manner as quercetin, although the Ki and Ki' for quercitrin were one order larger than those for quercetin. The Ki and Ki' are dissociation constants of the enzyme-inhibitor complex and enzyme-substrate-inhibitor complex, respectively, as shown in Chart 1. Two Effect ofalbumin on inhibition by quercetin ofaglucos idase Inhibition of a-glucosidase caused by flavonoids mayseemnon-specific in nature, because polyphenol compounds often bind to protein non-specifically and eventually deactivate enzymes by denaturation. To examine the specificity of quercetin inhibition to a-glucosidase, bovine serum albumin was added to the reaction mixture. The amount of albumin added ranged from 1-fold to 100-fold the concen-tration of protein originally present in the enzyme preparation. The presence of added albumin did not much affect the inhibitory action of quercetin, indicating specificity of the flavonoid compound to a-glucosidase (Fig. 3) . The reaction conditions were the same as those described in the legend to Table I The plotted values were taken from Table I saturated bond between C2 and C3 is reversed by the fact that fairly strong inhibition was observed with naringenin which has the same structure at this position. A hydroxyl group at the 5-position does not seem essential, because fisetin showed very strong inhibition in spite of the absence of a 5-OH. Glycosylation of hydroxyl groups decreases the inhibitory activity; kaempferol to robinin, quercetin to quercitrin and to rutin, naringenin to naringin, myricetin to myricitrin, although the degree of the regression varies from flavonoid to flavonoid.
Effects offlavonoids on P-fructosidase activity As can be seen from Table VI , the flavonoids tested showed only weak or no inhibition to /?-fructosidase in contrast to aglucosidase. The result would indirectly support the idea of specific action of flavonoids on a-glucosidase conversely. The authors aim at investigating influence of flavonoids on the digestion, absorption, and metabolism of nutrients. The yeast enzymes were used as preliminary tests for ones from mammalian sources. Experiment with disaccharide-hydrolyzing enzymes from porcine intestinal mucosaare nowin progress.
